<2> 



J 



EuropSilsohes Patentamt 
European Patent Office 
Office europten des brevets 



0 Publication number 



0 319 623 

AT 



@ EUROPEAN PATENT APPLICATION 

® Application number 87310890iS ® '"t a- G09B 9/00 , G09B 23/28 

<§> Date Of filing: iai2.87 _____ 



® Date of publication of application: 
14.0&89 Bulletin 89/24 

<S) Designated Contracting States: 
DE FR QB NL 



® Applicant UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY 
11 Charles II Street 
London SW1Y4QP(QB) 

@ Inventor Stoor, Phillip George Jeffrey 
54 Cherry Lane 

Lymm Cheshire WA13 ONN(GB) 
Inventor Bentley, Peter Graham 
3 Grove Bam Martlnetown 
Dorchester Dorset(GB) 
Inventor Lathani, Francis Gerard 
30 Eaves Brow Road 
Croft Wanington Cheshlre(GB) 

0 Representative: CoUlngwood, Anthony Robert 
Patents Branch United Kingdom Atomic 
Energy Authority 11 Charles II Street 
London SW1Y 4QP(GB) 



@ Apparatus for simulating Inspection equipment 



® Apparatus for simulating Inspection equipment, 
eg. ultrasonic NDT equipment or ultrasonic medical 
diagnostics equipment comprises a test body (16), a 
simulated probe (18) for scanning over the body, a 
probe position monitor (20). Inspection data storage 
(12. 14), a display (22) and a central processor (10) 
for correlating display of the Inspection data with 
scanning movement of the probe (18). The Inspec- 
^tion data Is derived from non-simulated scanning of 
^for example a staicture containing defects and the 
CO ultrasonic waveforms obtained during such non-slm- 
^uiated scanning may be stored In memory (12, 14) 
^for providing a realistic display during simulated 
0> scanning of the test body (16). The simulated probe 
^(18) may incorporate .an ultrasonic device for the 
"purpose of sensing the degree pi coupling between 
Othe simulated transducer and the test body (16) and 
£\ the output of the device may be used to modify the 
UJ inspection data to provide a displayed signal which 
is dependent on the coupling achieved by the oper- 
ator. 
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Description 

This invention relates to apparatus for simulaflng 
inspection equipnrwnt. eg for the purpose of training 
personnel in norhdestmctive testing (NDT) tech- 
niques such as ultrBSonic Inspection or medical di- 
agnostics using ultrasonics techniques. 

At present, NDT training is canied out with the 
aid of test blocks having artificially implants de- 
fects and NDT trainees cany out scanning, eg with 
a conventional ultrasonto probe which may be oper- 
ated manually or automatically. This suffers from a 
number of drawtetcks in that: such test blocks are 
expensive to produce and tend to be relatively immo- 
bile so that trainees have to attend wherever the 
test block happens to be located: additional test 
blocks may need 1o be produced in order to offer a 
reasonably wide range of training experience; the. 
aecurUy of the test btock may be compromised In the 
sense that details of defects and tocations may be 
passed to trainees rn advance of a testing session; 
and only defects capable of being manutectured 
can be Implanted. 

One object of the present Inventton is to provkie 
apparatus for simulating NDT equipment which 
avoids the use of test bk)cks with artifidalty Implant- 
ed defects. 

According to one aspect of the present Invention 
there is provided apparatus for simulating inspec- 
tion equipment compnsing a simulated test isody. a 
simulated transducer which can be scanned manual- 
ly or automatcally under the control of an operator 
over sM simulated body, means for monitoring the 
position co-ordinates of the simulated transducer 
during such scanning, storing means comprising 
non^latile memory for digitally storir^, for each 
of a range of possible positions of said simulated 
transducer, inspectton data representative of such 
data relating to a body, means for selec^ely ef- 
fecting loading of a volatile memory with part of the 
Inspection disSsL from the non-volatile memory In de- 
pendence upon the instantaneous position of the 
simulated transducer, and means responsive to 
said nwnitorlng means for retrieving from said vola- 
tile memory inspection data corresponding to the po- 
sitkinal coordinates of the simulated transducer 
wfiereby scanning of the simulated transducer over 
the simulated body is accompanied by the produc- 
tion of inspection data oonBlated with the scanning 
movement 

Tiie retrieved inspection data may be transferred 
to display means for viewing by an operator. 

In this nrwnner, In the case of NDT inspection the 
operator is given the impression of canrying out a 
real time NDT exanrtfnation of a substantial defect- 
containing etnscture even though in realHy the simu- 
lated test bociy may merely consist of tiiln stainless 
steel plate material whk:h may be fabricated to give 
the appearance of a substantial structure. 

In an alternative applicatbn, the retrieved in- 
spectfon data may be fed to data gathering equip- 
ment. 

The simulated transducer may resemble, or be 
constituted by. a conventional transducer (eg an ul- 
trasonic transducer) although it will be understood 



that where an actual transducer is emptoyed it will 
not be operational in the conventtonal sense but will 
merely i:>e provide to give the operator a realistic Im- 
pression of performing an inspectkirL 

5 In one emixjdlment of the invention, the monitor- 
ing means nray include a digitising tablet as used in 
for example computer aided draughting, the digitis- 
ing tablet being incorporated in ttie simulated test 
block, for example underneath the stainless steel 

10 plate described above. The simulated transducer in 
this event n^ay Include an electrical ooU inductively 
coupled through tiie stalr^less steel plate to tiie digi- 
tising tablet and the latter may provide an output 
representing tiie con position In XY co-ordinates. 

1 5 The non-volatile memory may comprise a magnetic 
disc or tape. The volatile memory, such as semi-con- 
ductor random access memory, nnay be loaded with 
the inspection data corresponding to a range of po- 
sitions around the "instantaneous" position of the 

20 simulated transducer and is updated in response to 
each new position of the simulated transducer re^s- 
tered by ttie monitoring means. Transfer of the in- 
spection data from ttie volatile memory to the dis- 
play means or data gathering equipment may be ef- 

25 fected by a central processor and the monitoring 
means may be constituted by a peripheral proces- 
sor so that time delays In determining tiie 
"instantaneous" position of the simulated transduc- 
er can be minimised. 

30 According to a second aspect of the invention 
tiiere Is provkied apparatus for simulating inspec- 
tion equipment comprising a simulated test body, a 
simulated transducer which can be scanned manual- 
ly or automatically under tiie control of an operator 

35 over said simulated body, means for monitoring the 
position co-ordinates of the simulated transducer 
during such scanning, means for digitally storing 
for each of a range of possible positrons of sak) 
simulated transducer, inspectkin data representa- 

40 tlvB of such data relating to a body, means respon- 
sive to said monitoring means for retrieving from 
^d storing means inspection data corresponding 
to tiie positional co-ordinates of the simutefted trans- 
ducer whereby scanning of ti>e simulated transduc- 

45 er over the simulated body is accompanied by the 
production of Inspection data correlated with the 
scanning movement, and means responaiye to the 
degree of coupling between the simulated transduc- 
er and the test body for rradlfytng the retrieved In- 

50 spection data. 

Preferably, the apparatus includes tfpHal to ana- 
logue conversion means for tmnalatmg the re- 
trieved digital inspection data Into analogue signals 
and means for visually displaying tiie analogue sig- 

55 nals, said modifying means being arranged to vaiy 
ttie amplitude of said analogue signals in depend- 
ence upon saki degree of coupling. 

Convenisntiy, said modifying means comprises a 
stress wave generator and stress wave canter in- 

60 corporated in said simulated transducer, the stress 
wave carrier having an end face whfch is spaced 
from the generator and is substantially flush wltti, 
or constitutes a surface which, in use, is Intended 
to contact sakJ test body, the stress wave genera- 

65 tor being opetable to launch stress wave pulses in- 
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to the carrier for reflection at the ereJ face of the 
carrier whereby the strength of the reflected signal 
piovides an Indication of the effectiveness of con- 
tact between the simulated transducer and the simu- 
lated test body. ^ . . _* ^ 

WHh reference to GB-A 2 191 the applicant 
has voluntailly limited the scope of the present ap- 
plicatlon, and submitted separate dalms for GB. 

To promote further understanding of the Inven- 
tion an embodiment win now be described by way of io 
example only with reference to the accompanying 
drawing In which: 

Rgure 1 Is a schematic block diagram illustrating 
simulating apparatus In iacoordance wHh the inven- IS 
tion; and 

E=lgure 2 Is a dlagrammatfc sectional view of tfie 
"transducer 

Refening now to Rgure 1, the system fdr simulat- 20 
ing for example ultrasonic non-destructive testing 
comprises a mini-computer 10 coupled vrfth a disc 
drive 12 and buffer storage 14. The dec drive 12 Is 
loaded witii a disc containing all the software for tiie 
system togetiier wHh ultrasonic defect data The de- 25 
feet data Is transferable from the disc to the buffer 
storage 14 for rapid access by the mini-computer, 
as e)5>Iained below. , ^ 

The defect data Is derived from non-simulaled 
NDT ultrasonic scanning of a specimen or sped- 30 
mens known to contain defect. The specim*Ti(s) 
may be deliberately manufactured wCtti implanted de- 
fects or may be a structure for whk:h a 'Yeai-Hfe* 
ultrasonic NDT examination has been recorded 
Typteally, the defect data will consist of a large 35 
number of digitised ultrasonic waveforais and their 
corresponding poshton co-ordinates. 

The test blodc is simulated by a stainless sfeeel 
plato 16 beneath which is located a high resolution 
dlgWsIng tablet of the type used in computer-aided 40 
draughting. The simulated transducer 18 Is movable 
ov^ ttie surface of the plate 16 and Incorporates a 
ooli 34 (see Rgure 2) Inductively coupled wtth the 
digitising tablet so tiiat the latter can provMe an out- 
put In ^ttal fbmi representing the positional co-or- 45 
dlnates of the simulated transducer 10 at any In- 
stant This output is monitored by a peripheral proc- 
essor 20 and put Into a form suitable tor access 
within the software routines of the mini-computer 10. 
Since this Is done Independentiy of the mlni-compu- 50 
ter, no time delay occurs when the minl-compuler re- 
quests data relating to the position of ttie simulated 
transducere. \_ ^ 

During scanning of ttie simulated test block, the 
mini-computer 10 as part of Us program cycle re- S5 
peatedly Intenrogates ttie peripheral processor to 
obtain tiie cun^nt positional ciata for the simulated 
transducer 10 and, using that data, theri retrieves 
from the corresponding ultrasonic wavefbmi either 
directly from the buffer storage 14 if already avalla- 60 
ble or from the disc via ttie buffer storage. The digi- 
tised waveform data is transfened to a display 22. 
such as a conventkinal flaw detector display, via at- 
tenuator drouttry 26 (to be described later) and a 
funclton generator 24 which converts the digitised 65 



data into analogue farm to provide a reconstructed 
waveform on ttie display which may be indistinguish- 
able from ttie wavefom tiiat an operator would ex- 
pedt to see on observing an artual defect embed- 
ded in a steel test block or. on-site. In a manufac- 
tured Item such as a pressure vessel. 

The mini-computer 10 is pTt)grammed so ttiat, on 
obtaining poshionai data from the peripheral procro- 
sor 20, the buffer storage 14 Is loaded wftti the 
waveform oonresporidlng to that particular posHkm- 
al data (If not aiready available In the buffer stor- 
age) and also the waveforms corresponding to a llnv 
Ited range of positions surrounding the current po- 
sHion of the simulated transdticer ia In tfiis way, 
ttie wavefomi data for subsequent displacement of 
the simulated transducer wHhin that limited range Is 
Immediately avaflable from the buffer storage there- 
by avokfing delay In reading wavefomi data from 
disc to the buffer storage. Even wtien the buffer 
storage 14 already contains the required waveform 
for a new position of the transducer, the buff- 
er storage may be updated with wavefomt data cor- 
responding to a predetermined rnnge of positions 
centred on the new position. ^ ^ ^ 

The function of tfie attenuator drcultry 26 is to 
modify the anatogue signals applied by ttie D/A con- 
verter 24 to the display 22 so that the displayed sig- 
nal strength is varied in dependence upon the eleo- 
tromechianical coupling between the simulated trarjs- 
ducer 18 and ttie specimen 16, as detected by 
coupling detection circuitiy 28. 

Referring to Rgure 2, the simulated probe 1 B com- 
prises a housing 30 which accommodates the coil 34 
energised via lead 38 and which. In tenms of out- 
ward appearance, may closely resemble the appear- 
ance of a conventional fully functional uhrasonlc 
transducer. The housing 30 has a contact face 32 
wWch, In use, is contacted witfi tfie surface of the 
specimen 16 ttirough a conventional ultrasonic ecu- 
dant gel 36 so that good electromechanical coupling 
Sui b& adileved. However, It will be understood 
that for simulation purposes h Is not necessary for 
there to be good electromechanical coupling be- 
cause there is no actual transmlsdon of ultrasonic 
energy into the specimen 16 for the pirpose of test- 
ing ttie specimen. Nevertheless. It is desirable that 
use of ttie simulating apparatus shouW closely mir- 
ror use of real equipment so that, if ttie operator 
fails to secure good electnomechanical coupling, tiie 
results obtained are correspondingly degraded To 
ttils end, the apparatus Includes means for sensing 
ttie extent of electromechanical coupling between 
ttie transducer 18 and ttie specimen 16. 

In the Illustrated embodiment, the sensing means 
comprises an ultrasonic signal generator, eg a pie- 
zoelectric crystal 40, bonded to a coupling bar 41 
which may be of metel, preferably having an acous- 
tic impedance dose to ttiat of ttie spedmen 16, Cou- 
pling detection drctitiy 28 includes a pulse genera- 
tor for electrically pulsing the crystal 40 via lead 42 
whereby pulsed ultrasound is launched Into the cou- 
pling bar 42. The ultrasound pulses are reflected at 
tfie end face 46 of the coupling bar 41, ttie end face 
being substantially flush with the contact face 32 of 
ttie housing 30. If tfie end face 44 Is not well oou- 
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pled wffh the epecimen then a strong reflected stg- 
nal Is obtained but as the degree of coupling In- 
creases, ultrasonic energy Is lost from the bar 41 in- 
to the specimen. By pulsing the bar 41 at a 
frequency which gives rssonant conditions of the 
bar/ciystal combination, a rsflected signal can be 
picked up. via lead 44. which has an ampl'itude 
which is reproducible and is a function of the dis- 
tance of the fuliy-gelled end face 46 from the sur- 
face of spedmen 16. In practice, at conventional 
frequencies used in ultrasound testing, eg 1MHz 
and above, this function tends to be frequency-de- 
pendent and complex because of Inierferenoe e^ 
fects in the couplant gel film. It has been found that, 
by operating at lower frequencies, eg of the order 
250 KHz. tfiese frequency-dependent effects can 
be reduced or avoided without reduction in the skill 
required on the part of the operator to maintain 
good electromechanical coupling. 

The reflected stgnals received by detection cir- 
cuitry 28 are translated into a control voltage whteh 
represents the degree of coupling and is supplied to 
voNage-contrQiled attenuator 26 which attenuates 
the analogue dgnals from tiie D/A converter 24 to 
a greater or lesser extent depending on the quality 
of coupfing achieved. In this way, tlie output of the 
display 22 reflects the quality of the coupling 
achieved and the operator can, by appropriate ma- 
nipuiafion of the transducer whOe obsen^ing the die- 
play, check whether or not he is achieving satisfao* 
toiy coupling. 

From ttie foregoing It will be seen that the system 
as described above affords the following advantag- 
es: 

a Real data from real flaws Is used to generate 
the wavefbnns presented to the fnspection equip- 
ment and/or inspector. These can come from: 

1 . Deliberately Introduced defects In test blocks, 

2. Real defects tiiat may exist due to manufacturing 
in the type of stiructure to i>e encountered by test 
personnel. 

3. Predicted defects tiiat cannot yet be artifiaally 
manufactured, but are known to t>e possible. It Is en- 
vis^ied that tiieoreticai modelling work couki supply 
the data such that these defects may be experi- 
enced by Inspectors or their test equipment befbre 
they are encountered in practice. 

b. The data is repeatalsle and accurate since the 
waveforms are recalled from memory wfthput distor- 
tion or degradation. TTie data may be copied or 
transmftted to other test fadlities wtiere simulator 
systems exist. No differences will exist l^etween the 
data presented to Inspectors and test equipment In 
tiie varkius locations and therefore comparisons 
and standards will i:>e maintained over large distanc- 
es In dispersed training and valuation sites. 

c. The system is quickly disassembled for trans- 
port to other locatbns, and the wavefbnm data may 
be transmitted over electronic Dnks t)etween sites 
and countries. This is not the case at present with 
very large test blocks. 

d. The system Is cheaper than using test blocks 
and can lake the place of many test blocks since it 
is so easily re-configured. 



e. The ^curlty of the system relies upon ttie fact 
that an in^ctor cannot know from one session to 
another where the simulator programmer has placed 
a defect, eitiier in orientation, position, depth or 
5 what type It is. This Is not the case with test btocks, 
since if tiie location of defects are known or passed 
on to third parties the security of that test block is 
compromised. 

10 Although the invention is described atxwe in rela- 
tion to NOT of defect-containing structures, the in- 
vention also has application to medical inspection 
techniques using for example ultrasonics. In tfiis in- 
stEUice, the lest body may be contoured to simulate 

IS for exarnple ttie trunk of a human body and a probe 
Is used to scan over the simulatsd trunk, means be- 
Ing provUed to monitor ttte position of the probe 
(eg. fn 3 dimensions), in this case, pre-recorded In- 
spection data obtained from ultrasonic inspection of 

20 a living human body may be stored digitaity by means 
of a laser^readabte optical disc and the stored data 
may be rstrievad in dependence upon the 
"instantai^eous" positkin of the probe relative to the 
simulated trunk and processed to produce a Oscan 

25 display which will char^ as a probe moves across 
the trunk. The optical disc may be used In conjunc- 
tion with voiatile memory so ttiat at any Instant the 
memory is loaded with inspection data assodaied 
with the cumerrt position of the probe and, in addl- 

3d tion, data associated wttii a range of positions lying 
wfthin a zone around ttie current probe position. 

Claims for the contracttng States: OB, FR, NL 

35 1. Apparatus for simulating inspection equipment 
comprising a simulated test boc^ (16), a simidafesd 
transducer (18) which can be scanned manually or 
automatically under the control of an operator over 
sakJ simulatsd body, means for monitoring the posl- 

40 tion co-ordinates of ttie simulated transducer dur- 
ing such scanning, storing means (12) comprising 
non-volatile memoiy for digitally storing, for each 
of a range of possible positions of tiie simulated 
transducer, inspection data represerttatlve of such 

45 data relating to a body, means for selectively ef- 
fecting toading of a volatile memory (14) witfi part of 
ttie Inspection data from the non-volatile memoiy In 
dependence upon the Instantaneous position of the 
simulated transducer, and means responshre to 

50 said monitoring means for retrieving from sakJ vola- 
tile memory inspection data oorrssponding to ttie po- 
sitional co-ordinates of tiie simulated transducer 
whereby scanning of tiie simulated transducer over 
ttie simulatBd body Is accompanied by ttie produc- 

55 tion of inspection data correlated wRh the scanning 
movement. 

2. Apparatus as dalmed in Claim 1 In which saki 
loading means Is operable to effect kuadlng of the 
volatile memory witti Inspectlcn data associated Yinfh 

60 a range of poelfions around saki instantaneous po- 
sition. 

3. Apparatus as claimed In Claim 1 or 2 Including 
means (26. 26, 40) responsive to tiie degree of cou- 
pling between ttie simulated transducer and the test 

65 body for modifying the retrieved inspection data. 
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4. Apparatus as daimed In Ciaim 1, 2 or 3 Includ- 
ing means (22) for displaying the Inspection data as 
a visual Image. 

6. Apparatus as claimed In Claim 4 In which a cen- 
tral processor effects transfer of data from the 
volatile memory to the display means or data gather- 
ing equipment and the monitoring means Is constitut- 
ed by a peripheral processor (20). 

6w Apparatus for simulating inspection equipment 
comprising a simulated test body (16), a slmulafced 
transducer (18) which can be scanned manually or 
automatical^ under the control of an operator over 
said simulated body, means for monltonng the posi- 
tion co-oidlnates of the simulated transduoer dur- 
ing such scanning, means (12) for dlgfitally storirig 
for ciach of a range of possible positions of said 
simulated transduoer, inspection fiata representa- 
tive of such data relatlrig to a body, means respon- 
sive to said monftorinjg means for retrieving from 
said storing means Inspection data correspondng 
to the positional co-ordinates of the Emulated trans- 
ducer vrtiere^ scanning of the simulated transduc- 
er over the simulated body is accompanied by the 
production of irtspection data oonrelated with the 
scanning movement and means (26, 28, 40) respon- 
sive to the degree of coupling between the simulat- 
ed transducer and the test txxJy for modifying the 
retrieved Inspection data. 

7. /^paratus as daimed In Claim 3 or 6 including 
digital to analogue conversion means for translating 
the retrieved digital inspection data Into analogue 
signals and means lor visually displaying the ana- 
logue signals, said modifying means being arranged 
to vary S)e amplitude of said analogue signals In de- 
pendence upon said degree of coupling. 

8. Apparatus as daimed In Claim 3. 6 or 7 In which 
said modifying means comprises a stress wave gen- 
erator and stress wave canier Incorporated In said 
simulated transducer, the stress wave canier hav- 
ing an end face wfiich Is spaced from the generator 
and is substantially flush with, or constitutes a sur- 
face which, in use. is Intended to contact said test 
body, the stress wave generator being operable to 
launch stress wave pulses Into the canier for re- 
flection at the end face of the canrier whereby the 
strength of the reflected signal provides an Indca- 
tion of the effectiveness of contact between the 
simulated transducer and the simulated test body. 

Claims for the contmctSng State: GB 

1 . Apparatus for simulating inspection equipment 
comprising a simulated test body (16). a simulated 
transducer (18) which can be scanned manually or 
automatically under the control of an operator over 
said simulated body, means for monitoring the posi- 
tion co-ordinates of the simulated transducer dur- 
ing such scanning, storing means (12) comprising 
non-volatile memory for digitally storing, for each 
of a range of possible positions of the simufated 
iransducer, inspection data rspresentative of such 
data relating to a k>ody, means for selectively ef- 
fecting loading of a volatile memory (14) with part of 
the Inspection data from the non-volatile memory In 
dependence upon ihe instantaneous position of the 



simulated transducer, means responsive to eald 
monitoring means for retrieving from said volatile 
memory Inspection data corresponding to the posi- 
tional co-onilnatas of the simulated transducer 
whereby scanning of the simulated transducer over 
the simulated body Is accompanied by the produc- 
tion of Inspection data conelated witt) the scanning 
movement, and means (26, 28, 40) responah/e to 
the degree of coupling between the simulated trans- 
ducer and the test body for modifying tiie retrieved 
Inspection data, said modifying means (26, 28, 40) 
comprising a stress wave generator and stress 
wave carrier Incorporated in said simulated trans- 
ducer, the stress wave carrier having an end face 
which is spaced from the generator and Is substan- 
tially flush wrth, or constitutes a surface which, in 
use. Is intended to contact said test body, the 
stress wave generator being operable to launch 
stress wave pulses Into ti>e canier for reflection at 
ihe end face of tiie carrier whereby tiie strength of 
tile reflected signal provides an Indication of the ef- 
fectiveness of contact between the simulated trans- 
ducer and the simulated test body. 

2. Apparatus for simulating inspection equipment 
comprising a simulated test body (16). a simulated 
transducer (18> which can be scanned manually or 
automatically under the control of an operator over 
said simulated body, means for monitoring the posi- 
tion co-ordinates of the simubted tiansducer dur- 
ing such scanning, means (12) for digitally storing 
for each of a range of possible positions of said 
simulated transducer, inspectfon data representa- 
tive of such data relating to a body, means respon- 
sive to said monitoring means for retrieving from 
said storing means inspection data conespondlng 
to the podtional co-ordinates of the simulated trans- 
ducer wt>ereby scanning of the simulated transduc- 
er over the simulated body is accompanied by the 
production of Inspection data conrelated with the 
scanning movement, and means (26. 28, 40) respon- 
sive to the degiee of coupling between the simulat- 
ed transducer and the test body hx modifying the 
retrieved inspection data, said modifying means 
(26. 28, 40J comprising a stress wave generator 
and stress %yave canier Incorporated In said slrnu- 
lated transducer, the stress wave canier having 
an end face which Is spaced from the generator and 
is substantially flush with, or constitutes a surface 
which. In use, Is Intended to contact said test body, 
the stress wave generator being operable to launch 
stress wave pulses into ti« carrier for reflection at 
the end face of the canier whereby the strengtii of 
the reflected signal prorfdes an indication of the ef- 
fectiveness of contact between ihe simulated trans- 
ducer and the simulated test body. 

3. Apparatus as cteimed In Claim 1 or Claim 2, In- 
cluding digital to analogue conversion means for 
translating the retrieved dlghai Irepection data Into 
analogue signals and means for visually displaying 
the analogue signals, said modifying means (26. 28, 
40) being ananged to vary the ampTrtude of said an- 
alogue signals In dependence upon said degree of 
coupling. 
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Patentansprlkhe tat die Vertragsstaatdn: DE, FR, 
NL 

1. Gerfit zur Simulation einer Inspektfonseinridv 
tung, mft einem simunerten Testkarper (16), elnem si- 
mulierten Wander (18), der von Hand oder automa- 
tisch unter der Steuerung elner Bedieitungsperson 
Qber den slmuliferten KSrper zur Durchfuhmng ei- 
ner Abtastbewegung bewegt werden kann, mit elner 
Obenivachungselnrichtung zum Obenwadien der Po- 
sttionskoordinaten des simulierten Wandlers w&h- 
rend der Abtastbewegung. mft einer Speichereln- 
rtehtung (12) mIt elnem nichtflOchtigen Spelcher zur 
digitalen Speichenjng von Inspektionedaten fQr Je- 
de Steite aus einem Bereich von mdgllchen Stelten 
des evnuHerten Wandlers, wobel diese tnspektions- 
datan reprSsentativ fOr solche Daten sind, die den 
Kbrper betreffen, mh einer Einrichtuna, um selektiv 
ein Bnladen eines Telles der Inspekflonsdaten aus 
dem nichtflOchtigen Speteher In einen flOchtlgen 
Speicher (14) zu bevirtrken. abhSngig von der mo- 
mentanen Position des slmulieiten Wandiers, und 
mit einer Bnrichtung, die auf die (Jbenwactuangsein- 
richtung ansprtcht, um aus dem fKlchtigen Speicher 
Inspektionsdaten wiederzugewfnnen, die den Positi- 
onskoordinaten des simulierten Wandlers entspre- 
dien, um tfedurch etne Abtastbewegung des simu- 
lierten Wandiers Qber den simulierten KOrper durch- 
zufOhrenp die von der Erzeugung der 
Inspektionsdaten, die auf die Abtastbewegung be- 
zogen sind, begteitet wind. 

2. Ger&t nach Anspnich 1, dadurch gekennzelcb- 
net da6 die Ladeeinrichtung so ausgeblklet ist um 
in den flOchtlgen Speicher inspektionsdaten einzu- 
lesen, die elnem Bereich von PosHlonen um die mo- 
mentane Position herum entsprechen. 

3. GerSI nach Anspnidi 1 odor 2, gekennzelch- 
net durch eine Bnrichtung (26, 28, 40), de auf das 
AusmaB der Kbpplung zwischen dem simulierten 
Wandler und dem TestkOrper zur VerSndemng der 
wiedergewonn^en Inspektionsdaten ansprkht 

4. Ger§t nach elnem der AnsprOche 1 bis 3, ge- 
kennzetehnet durch eine Bnrichtung (22) zur Dar- 
stellung der inspekttonsd^en in Fomi elnes slchtba- 
ren Slides. 

6. Gerfit nach Anspruch 4, dadurch gekenn- 
zeichnet, 6aB ein zentraler Prozessor die Obertra- 
gung der Daten von dem flOchtlgen Speicher zur 
Anzeigeetnrichtung oder zu einer i^atensammelein- 
richtung bewlrkt und da6 die Obenvachungseinrich- 
lung aus einem peripheren Prozessor (20) gebikJet 
1st 

6, GerSt zur Simulation elner Ihspektionselnnch- 
tung. mft einem simulierten Testkarper (16). einem si- 
mulierten Wander (18), der von Hand oder automa- 
tisch unter der Steuemng elner Bedlenungsperson 
Qber den simulierten K&per zur Dundifiihrung; el- 
ner Abtastbewegung bewegt werden kann, mit einer 
Oberwachungseinrichtung zum Oberwachen der Po- 
s'rtionskoordinaten des simulierten Wandlers wfih- 
rBnd der Abtastlwwegung, mit einer Speicherein- 
richtung (12), um fOr Jede Stellunjg aus einem Bereich 
von m6glichen Stellungen des simulierten Wandlers, 
Inspektionsdaten abzuspeichem, die repr&sentativ 
fur die auf elnen Kdrper bezogenen Daten sind, mrt 



einer auf de Obenvachungseinrlchtung anspre- 
chenden Bnrichtung zum Wiedergewbinen der in- 
spektionscteten aus cter Speidiereinrichtung ent- 
sprechend den Positionskooidnalen des simuliar- 

s ten Wandlers, um den simulierten Wandler fiber den 
simulierten KOrper gemflB elner Abtastbewegung zu 
bewegen, wobel diese Bewegung begleitet ist von 
der Erzeugung der Inspektionsdaten, c£e auf die 
Abtastbewegung bezogen sind, und mit einer Ein- 

10 rtchtung (26, 28. 40). die auf das AusmaB der Kbpp- 
lung zwischen dem slmuDertsn Wandler und dem 
Testk5rper ansprfcht um de wfedergewonnenen In- 
spektionsdaten abzuSndem. 

7. Qerat nach Anspnjch 3 oder 6, dadurch ge- 
15 kennzeichnet daB eine Digital/Analog-Wandlerein- 

richtung (24) vorgesehen 1st, um die wiedergewon- 
nenen digitalen Inspektionsdaten in analoge SIgnale 
umzusetzen und daB eine EInrichtung zur sk:htba- 
ren Darsteliung der analogen Signate vorgesehen 
20 1st. wobel die Modiflzlerdnrfchtung so ansgebtklet 
ist, um die AmptltLKie der antogen Signal abhSngig 
vom AusmaB der Kopplung zu verSmfem. 

8. Ger^ nach einem der AnsprOdie 3, 6 Oder 7, 
dadurch gekennzetehnet, daB die Modiflzierelnrk^h- 

25 tung einen Spannui^swetlengenerator und elnen 
S^nnungswellentrager umfaBt, die In dem slmuiier- 
ten Wandler aufgenommen slnd, wobel der Span- 
nungswellentr^er eine Endfl&die aufweist, die von 
dem Generator elnen Abetahd aulwatet und Un we- 

30 senUlchen plan in BerOhrung mil dem Tesfkdrper an- 
Uegt bzw. eine TOche aufwelst, die im Gebrauch ei- 
ne Bert)hnjng mit dem Testkdrper hat und wobei der 
Spannungsmllengenerator dafQr ausgebndet ist, 
um Spannungswellenimpulse In den Spannungs- 

3S wellent^er einzulelten, de an der genannten 
Endfl&che des TrSgers reflektlert werden, wobei 
die StSrke des reflektierten Signals eine Anzelge 
der Wiricsamkelt des Kontaktes zwischen dem simu- 
iierten Wandler und dem simulierten Testkdrper lie- 

40 fert 

Patentansprfkche f Or den Vertragsstaat: GB 

1. GerSt zur Simulation einer Inspektlonseinrich- 
45 tung. mit dnem sknUierten Testkdrper (1 6), einem si- 
mulierten Wandler (16), der von Hand oder automa- 
tisch unter der Steuerung einer Bedienungsperson 
Ober den simulierten Kdrper zur DurchfOhrung el- 
ner Abtastbewegung bewegt werden kann, mit einer 
50 Oberwachungseinrichtung zum Oberwachen der Po- 
sHionskoordinaten des simulierten Wandiers wdh- 
rend der Abtastbewegung, mit elner Spetehereln- 
richtung (12) mil einem ntehtflOcMgen Spektier zur 
dl^telen Speteherung von Inspektionsdaten fOr Je- 
ss de Stelle aus einem Bereich von mdglichen Stellen 
des simulierten Wandlers, wobei diese Inspekltons- 
daten reprasentativ fOr sotehe Daten sind, die den 
Kfirper betreffen, mit elner Bnrtchtung, um selektiv 
ein Bnladen elnes Telles der liispektlonsdaten aus 
60 dem nichtflOchtigen Spekher In einen fiOchtigen 
Speicher (14) zu bewirken, abhfinglg von der mo- 
mentanen Position des simulierten V\teuidlers, mit eC* 
ner Bnrichtung, die auf die Obenwachungselnrlch- 
tung ansprk^ um aus dem ftOchtloen Spek:her in- 
65 epektionsdaten wiederzugewlnnea die den 
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PosWonskoordinalen des simulierten Wandlers ent- 
sprechen, um dadurch eine Abtastbewegung des sh 
mullerten Wandlers Ober den simulferten K6rper 
durchzufOhren. die von der Erzeugung der Inspek- 
tionsdaten, die auf die Abtastbewegung bezogen 
Bind, begleftet wird, und eine Bnrichtung (26/28, 
40). die auf das AusmaB der Kopplung zwischen 
dem simulierfen Wandler und dem Testkdrper zur 
Verinderung der wiedergewonnenen Inspektbne- 
daten anspricht, wobei die Modtfizierungsdnrich- 
tung 28, 40) einen Spannungswellengenerator 
und einen Spannungswefientrfiger umfaBt, die in 
dem elmulierlen Wandler aufgenommen and, wobei 
der SpannungsweHentrSger eine Endfl^he auf- 
weist, die von dem Generator einen Abstand auf- 
weist und im wesentllchen plan In BerOhrung mft dem 
Testkorper aniiegt bzw. eine Fiache aufweist. die Im 
Gebraudi eine Berfihnjng mit dem TestkSrper hal 
und wobei der Spannungswellengenerator dafOr 
ausgebikiet ist, um Spannungswellentmpulse ]n den 
Spannungswellentr&ger elnzuleiten, die an der ge- 
nannten Endfiache des Trfigers reflektlert werden, 
wobei de St&rke des reftektierten Signals eine An- 
zeige der WIrksamkeft des Kontaktes zwlschen dem 
simulierten Wandler und dem simulierten Testkorper 
liefert 

2. Ger&t zur Simulatton etner Inspektionselnrich- 
tung, mit elnem simulterten Testkdrper (16). einem si- 
mulierten Wandler (18), der von Hand Oder autonia- 
tisch unter der Steueiung einer Bedienungsperson 
Qber den simuiierten Kdrper zur DurchfOhrung ei- 
ner Abtastbewegung bew€^ werden kann, mrt eIner 
Oberwachungseinrichtung zum Obenwachen der Po- 
sction^ordinaten des simulierten Wandlers wSh- 
rend der Abtastbewegung. mit eIner Speteherein- 
rlchlung (12), um fur jede Slellung aus einem Berek^ii 
von nr>6gllchen Steilungen des simulierten Wandlers, 
Inspektionsdaten abzuspeldiem, die rBpr&sentatlv 
fOr die auf einen K5rper bezogenen Dalen sind, mft 
eIner auf die Dbenvachungseinrichtung anspre- 
chenden Hnrtehtung zum Wiedernewinnen der in- 
spektionsdaten aus der Spelciierelnrichtung ent- 
sprechend den Posttlon^coordlnaten des simulier- 
ten Wandlers. um den simulierten Wandler Older den 
simulierten Kdrper gem&B einer Abtastbewegung zu 
bewegen, wobei diese dewegung begleitet ist von 
der Bzeugung der InspeRtfonsdaten, die auf d!e 
Abtastbewegung bezogen sind, und mit einer Bn- 
richtung (26^ 28, 40), die auf das AusmaB der Kopp- 
lung zwischen dem simul^rten Wandler und dem 
TestkfiriDer anspricht, um die wiedergewonnenen In- 
spektionsdaten abzuSndem. wobei die Modifizie- 
mngseinrichtung (26, 28, 40) einen Spannungswel- 
lengenerator und einen SpannungswelientrSger um- 
faBt, die In dem simulierten Wandler aufaenommen 
sindr wobei der Spannungswellentrager eine EndflSr 
che aufweist, die von dem Generator einen Abstand 
aufwelst umd im wesentlidien plan In BerOhrung mit 
dem Testwirper aniiegt bzw. eine FlSc^e aufweist. 
die Im Gebrauch eine BerOhrung mit dem Testl^6rper 
hat und wobei der Spannungswellengenerator dafOr 
ausgeblldet Ist, um Spannungsweilenlmpulse in den 
Spannungswellentrfiger elnzuleiten, die an der ge- 
nannten Endfldche des Trfigers reflektlert werden, 
wobei die Starke des reftektierten Signals eine An- 



zelge der WIrksamkeft des Kontalctes zwischen dem 
simulierten Wandler und dem simulierten TestkOrper 
liefert 

3. Gerat nach Anspnjch 1 Oder 2, dadurch ge- 
5 kennzelchnet, daB eine Dl^tal/Analog-WarKJIereln- 
richtung (24) vorgesehen 1st, um die wiedergewon- 
nenen digitalen Inspektionsdaten in analoge Signeiie 
umzusetzen und daB eine Einrichtung zur sichtba- 
ren Darsteliung der anakigen Signale vorgesehen 
10 ist, wobei de Modiftziereinrichlung (26, 28, 40) so 
ausgeblldet ist, um die Amplitude der anabgen Si- 
gnale abh&igig vom AusmaB der Kopplung zu ver- 
2lndem. 

15 Revendications pour les Etats Contractants: DE, 
FR,ML 

1. Appareil pour simuler un ^u{pement d'inspec- 
tion, conportant un corps (16) d'essai simule, un 

20 Iransducteur (18) simul6 qui peut faiie I'objel d'un 
balayage manual ou automatk)ue, sous la commande 
d'un op^teur, sur iecfit csoips slmul6, des moyens 
pour sun^lller les ooordonn^es de position du 
transducteur slmuld au oours de oe balayage, des 

25 moyens de mdmorfsation (1 2) oomprenant une memoi- 
rs non volatile pour m6morfser en donn§es num6r1- 
ques. pour chacune des positions d'une plage de po- 
sitions possibles du transducteur simul6, des don- 
nees risuitant d'une lnspectk>n et representatives 

30 de donn^es relatives k un corps, des moyens pour 
effectuer s6lectfvement ie chargement d*une m6mo1- 
re vdatle (14) avec une partie des donnees, resul- 
tant d'une inspection, provenant de la memoire non 
volatile, en fonctlon de la position instantanee du 

35 transducteur Simula, et des moyens senslbles audit 
moyen de sun^elllanoe pour retrouver dans ladhe 
m^rmire volatile les donnees resultant d'une inspec- 
tion, con-espondant aux ooordonrides de position du 
transducteur s!mul6, de sorts que le balayage ef- 

40 fectu^ par le transducteur simuid par dessus le 
corps simuld s'acoompagne de la production des 
donndes rdsultant d'une inepecfion et qu! sont en 
oorrSlaUon avec ie mouvemant de balayage. 

2. Appareil tei que revendtque dans la revendtea- 
45 fion 1, dans lequel lesdits moyens de chargement 

peuvem op6rer pour diarger la m^molre volatiie 
avec des donndes, resultant d'une inspecfion, as- 
sodees & une plage de posfttons sUudes autour de 
iadfts posHbn instantanee. 

50 3. Appareil tel que revendiqu§ dans la revendtea- 
tlon 1 ou 2, comportant des moyens (26, 28, 40) sen- 
slbles au dsgre de couplage entre le transducteur 
Simula el le corps d'essai pour modifier les donnees, 
r^ttant d'une Inspection, retrouv^es. 

55 4. Appareil tel que revendlqu6 dans la revendtea- 
tion 1 , 2 ou 3, comportant des moyens (22) pour per- 
mettre d'affteher, sous forme d'une image visuelle, 
les donnees resultant d'une inspectloa 
5. Appareil tel que revendiqu^ dans la revendioa- 

60 tion 4 dans lequel un processus oentral effedue le 
transfert des donnees, depuis la mimoire volatile, 
vers les moyens d'afflchage ou de visuailsatton ou 
vers P^quipement de regroupement des donnees, et 
dans lequel les moyens de sunreiilanoe sont constl- 

65 tu6s d^jn prooesseur periphdrique (20). 
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6. Appareil pour simuler un §quipement dlnspec- 
tion. comportEuit un corps (16) d'essai simule, un 
iransdurteur (18) slmul6 qui peul falre I'objet tfun 
balayage manuel ou automotfque, ^us la commande 
d'un op4rateur, par-dessus ledft corps simui4, des 5 
moydns pour surveiiier les coondonn4es de position 

du Iransducteur simuiS au cours de ce bateiyagSi 
des moyens (1 2) pour mdmoriser en donn^es num^ri- 
ques, pour chacune des positions d'une plage de po- 
sitions possibles <^}t transducteur simuld, des io 
donn^es resultant d*une inspection et reprdsentati- 
ves des donates reiatlves k un ooips. des moyens 
sensibtes auxdtts moyens de survefllance pour re- 
trowar dans Iesd(t8 moyens de miSmorisation les 
donnas, resultant d'une Inspection, correspondent 15 
aux coondonn^ de position du transducteur Simu- 
la, de sorts que ie bala^ge effectuS par le trans- 
ducteur B\miA§ par-dessus le corps simul^ s'accom- 
pagne de la production des donni§es r^ultarrt d'une 
inspection el qui sort en conflation avec le mouve- 20 
ment de balayage, ainsi que des moyens (26, 28. 40) 
sensit>le5 au degr^ de couplage entre le transduc- 
teur simul6 et le corps d*essal pour modifier les don- 
ndes, resultant d'une inspection^ retrouv6es. 

7. Appareil tel que revenidique dans la revendica- 25 
tion 3 ou 6, comportant des moyens de conversion 
num6r{que-analogique pour tradulre. en signaux 
anaiogtques. les donnees numenques. resultant 
d'une inspection, retrouv^, ainsi que des moyens 
pour visualiser les stgnaux analoglques, iesdtts 30 
moyens de modification 6tant congue pour fiaire var 

rier I'amplltude desdts signaux anaiogtques en fbno* 
tion dudtt degrd de oouplage. 

8. Appareil tet que revendiqud dans la revendica- 

lion 3, 6 ou 7, dans lequel lesdits nx^ns de modifi- 35 
catnn comportent un g§n§rateur d'onde(8) de con- 
tralnte et un recepteur d*onde(s) de contralnte in- 
corporis dans ledit transducteur slmul6, le 
rdcepteur d'onde(s) de contrainte pndsentant une 
face d'extr§mit6 qui est espacSe du g6ndrateur et 40 
qui est senslblement affleurame avec ledit corps 
d'essai ou blen qui constftue une surface quij en 
sen^ice, est destine k venir au contact dudit corps 
d'essai, le g^nenateur d'onde(s) de oomialnte pou- 
vant foncflonner pour lancer des Impulsions d'on- 45 
de(s) de contrsunte dans le rdoepteur pour qu'elles 
se r^fldchlssent sur la faoe d'extrdmitS du recep- 
teur, de sorte que rintenslt§ du signal rdfidclii don- 
ne une indication de i'efRcaoite du contact entre le 
transducteur stmuldetie corps d'essai Simula. 50 

RwendScatkms pour l*Efat Contmctant: GB 

1. Appareil pour simuler un 6qulpement tfinspeo- 
tion. comportant un corps (16) d'essai simul6, un 55 
transducteur (18) simute qui peut falre fobjet d'un 
balayage manuel ou automatlque, sous la commarKle 
d'un op0rateur, sur ledH corps simuiS, des moyens 
pour survenier les coondonnSes de position du 
transducteur simul^ au corps de ce bal^rage. des 60 
moyens de memorisation (12) comprenant une memol- 
re non volatile pour m^morlser en donn6es num6rl- 
ques, pour chacune des positions d'une plage de po- 
sitions possibles du transducteur simuld. des don- 
ndes r^uHant d'une Inspection et repr§sentHtfves 65 



de donndes relatives k un corps, des moyens pour 
effectuer s^lectivement le chargement d'une m^oi- 
re volatile (14) avec une partis des donndes. rdsul- 
tant d^une inspoction, provenant de la m^mdie non 
volatile, en foncfion de la position inetantande du 
transducteur slmuld, des moyens sensibles audit 
moyen de sun^eHlance pour retrouver dans ladte 
mdmoire volatile les donnees rdsuitant d'une Inspec- 
tion, correspondant aux coordonn^ de position du 
transducteur slmul^ de sorte que le balayage af- 
fectum par le transducteur simul^ par-dessus le 
corps simul4 s'aocompagne de la production des 
donnees rteuttant d'une inspection et qui sort en 
eomSlatlon avec le mouvement de baieyage, et des 
moyens (26, 28, 40) sensibles au degr6 de couplage 
entre le transducteur simul6 et ie corps d'essai pour 
motSfier les donn^ resultant d'une inspection, 
ainsi rBlrouv6es, lesdits moyens (26. 28. 40) de mo- 
dification comportart un g6n6rateur d'onde(s) de 
contrainte et un recepteur d'onde(8) de cortralnte 
Inoorpores cteuis ledit transducteur slmulS, le rdcep- 
tsur d'onde(8) de comrainte pr§sentart une face 
d'extr§mit6 qui est espacde du g^^rateur et qui est 
senslblement affleurante avec ledit corps d'essai 
ou blen qui constitue une surface qui, en service, 
est destinee k venir au contact dudit corps d'essai, 
ie g^rateur d'onde(8) de contrainte pouvant fonc- 
tlonner pour lancer des impulsions d'onde(s) de con- 
trainte dans ie r^pteur P9ur qu'elles se r^fiechls- 
sent sur la face d'extr§mitB du recepteur, de sorte 
que rinten5it§ du sfgnai r^flechl donne une indba- 
tion de I'efficadt4 du contact entre le transducteur 
s!mul6 et le corps d'essai simul^. 

2. Appareil pour simuler un dquipement d'inspec- 
tion, comportant un corps (16) d'essai simule, un 
transducteur (1^ slmul^ qui peut falre I'obfet d'un 
balayage manuel ou automatlque, sous la commands 
d'un opdrateur, par-cies^ ledit corps simule, des 
moyens pour surveiiier les coordonn6es de position 
du tran^ucteur simuld au oours de ce balayage, 
des moyens (12) pourmemoriser endonn6es num6ri- 
ques, pour chacune des positions d'une plage de po- 
sitions possibtes dudit transducteur simuld, des 
donndes risuKant d'une inspection et representati- 
ves des donndes relatives k un corps, des moyens 
sensibles auxdits moyens de sun^eillance pour re- 
trouver dans lesdits moyens de m^orisation les 
fionndes, n§sultant d'une Inspection correspondant 
siux odordonnees de position du transducteur simu- 
le, de sorte que le balayage effectu^ par le trans- 
ducteur simul6 par-dessus le corps slmul^ s'acoom- 
pagne de la productton des donndes resultant d'une 
inspection et quf sort en oon-^iation avec le mouve- 
mert de balayage, ainsi que des moyens (26, 28, 40) 
sensibles au degr6 de couplage entre le transduc- 
teur Simula et ie corps d'essai pour modifier les don- 
nees, resultant d'une inspection, retrouvdes, les- 
dHs moyens (26, 28, 40) de modification comprenant 
un g6n^ra£eur d'onde(s) de contrainte et un r^p- 
teur d'onde(8) de contrainte inoorpor^ dans ledit 
transducteur simuld, le rdoepteur d'onde(s) de con- 
trainte pr^sentant une face* d'extrdmitS qui est espa- 
o6e du g6n6rateur et qui est senslbiemert affleu- 
rants avec ledit corps d'essai ou blen qui oonstttue 
une surface qui, en sen^, est destine k venir au 
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contact dudt corps (fessai. ie gdn^rateur d'onde{8) 
de contnedrrte pouvant fonctionner pour lanoer des 
impulsfons d'ondo{8) de contrairrte dans Ie reoep- 
teur pour qu'dlles se rdfl^chlssent sur la face d'ex- 
tr6mh6 du r^oepteur, de sorte que Untensftd du ei- 5 
gnal r^fl^i donne una indication de I'efflcadld du 
contact enlre le transducteur simuld et Ie corps 
d'essai slmul4. 

3. Appareil tel que revendlqu6 dans la levendica- 
tion 1 ou 2, comportant des moyens de conversion 10 
numdfique-analoglque pour tradulre, en slgnmjx 
analoglques, les donnfes num^rlques, rdsuttant 
d'une inspection, retrouv^es, alnst que des moyens 
pour visuallser les signaux analogiques, lesdits 
moyens (26, 28, 40) de modification 6tant oongus 15 
pour faiie varier {'amplitude descfits s'lgnaux analogl- 
ques en fbnction dudtt degr§ de couple^. 
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